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LVQ Neural Network Parameter 
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Input Signals 


(PC CNTL REF - MCC_PC_AVG) 
(APC_CNTL_REF / ATIME) 


Number of Classes 


9 (one for each operating mode 
defined in Figure 21) 


Number of Output Nodes per Class (N c iass) 




Learning Algorithm 


LVQ2.1 


Maximum Number of Epochs (n eps ) 


250 


Initial Value of the Learning Rate (X 0 ) 


0.02 


Window Size (e) 


0.5 


Number of Training Vector Pairs (n L v<i) 


500 
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Mndp Name 


Operating Mode Criteria 


PREFIRE 


All observations preceding the vehicle start command to 
the engine. Considered a non-operating mode. 


START01 


Controller cycles 0 through 24 after receipt of the engine 
start command. 


START12 


Controller cycles 25 through 49 after receipt of the engine 
start command. 


START24 


Controller cycle 50 through detection of steady-state 
operation (typically at controller cycle -110). The rule for 
transition to STEADY FULL is: If in START24 and if 
|PC CNTL REF - MCC PC AVG | <= (5 * 3.35), and 
PC CNTL REF >= 2500 transition to STEADY_FULL 


STEADY_FULL 


STEADY FULL is declared when either. 1 ) the last cycle s 
state was STEADY_FULL and the commanded PC is both 
unchanged and greater than 2500 psi, e.g., 
| PC CNTL REF -LAST PC CNTL_REF | < 3.35 and 
PC_CNTL_REF >= 2500; 

or 2) when the last cycle's state was a transient state and 
| PC CNTL REF - MCC PC AVG | <= (5 * 3.35) and 
PC_CNTL_REF >= 2500. 


STEADYLOW 


STEADY LOW is declared when either. 1 ) the last cycle s 
state was STEADY LOW and the commanded PC is both 
unchanged and less than 2500 psi, e.g., 
| PC CNTL REF -LAST PC CNTLREF | < 3.35 and 
PC_CNTL_REF < 2500; 

or 2) when the last cycle's state was a transient state and 
| PCCNTLREF - MCC_PC_AVG | <= (5 * 3.35) and 
PC CNTL REF < 2500. 


UPTHRUST 


UPTHRUST is declared when 1) the commanded PC has 

increased since the last cycle, and 2) 

| PC_CNTL_REF - MCC_PC_AVG | > (5 * 3.35) 


DOWNTHRUST 


DOWNTHRUST is declared when 1) the commanded PC 

has decreased since the last cycle, and 2) 

| PC_CNTL_REF - MCC_PC_AVG | > (5 * 3.35) 


SHUTDOWN 


All observations following the vehicle shutdown command 
to the engine. Considered a non-operating mode. 
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Partitioned Model Under C 


IPERATING Conditions 


Fault Simulated 


Fault Classified 


Fault Classification Probabilities 


H1 Drift High 


H1 Element Fault 


P(H1 Element = ABNORMAL)= 0.6779 
P(L1 Element = ABNORMAL)= 0.0058 
P(T1 Element = ABNORMAL)= 0.0058 
P(Sensor1= ABNORMAL^ 0 0010 


L1 Drift High 


L1 Element Fault 


P(L1 Element = ABNORMAL)= 0.6779 
P(H1 Element = ABNORMAL)= 0.0058 
P(T1 Element = ABNORMAL)= 0.0058 
Pf Sensorl = ABNORMAL^ 0 0010 


T1 Drift High 


T1 Element Fault 


P(T1 Element = ABNORMAL)= 0.6779 
P(H1 Element = ABNORMAL)= 0.0058 
P(L1 Element = ABNORMAL)= 0.0058 
P(Sensor1= ABNORMAL)= 0.0010 


H1 & L1 Drift High 


H1 Element Fault 
L1 Element Fault 


P(H1 Element = ABNORMAL)= 0.6121 
P(L1 Element = ABNORMAL)= 0.6121 
P(Sensor1= ABNORMAL)= 0.1156 
P(T1 Element = ABNORMAL)= 0.0077 


H1, L1 &T1 Drift High 


Sensorl Fault 


P(Sensor1= ABNORMAL)= 0.9433 
P(H1 Element = ABNORMAL)= 0.1363 
P(L1 Element = ABNORMAL)= 0.1363 
P(T1 Element = ABNORMAL)= 0.1363 



Figure 33 
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Partitioned Model Under VENTING Conditions 


Fault Simulated 


Fault Classified 


Fault Classification Probabilities 


H1 Drift High 


H1 Element Fault 


P(H1 Element = ABNORMAL)= 0.6779 
P(L1 Element = ABNORMAL)= 0.0058 
PfT1 Elpmpnt = ABNORMAI \= 0 DfTiR 
P(Sensor1= ABNORMAL)= 0.0010 


L1 Drift High 


L1 Element Fault 


P(L1 Element = ABNORMAL)= 0.6779 
P(H1 Element = ABNORMAL)= 0.0058 

r^l 1 I^ICI MCI 11 ~ AADI Nvy r\IVI/AI_ J — U.UUJO 

P(Sensor1= ABNORMAL)= 0.0010 


T1 Drift High 


T1 Element Fault 


P(T1 Element = ABNORMAL)= 0.6779 
P(H1 Element = ABNORMAL)= 0.0058 
P(L1 Element = ABNORMAL^ 0 0058 
P(Sensor1= ABNORMAL)= 0.0010 


H1 & L1 Drift High 


H1 Element Fault 
L1 Element Fault 


P(H1 Element = ABNORMAL)= 0.6121 
P(L1 Element = ABNORMAL)= 0.6121 
P(Sensor1= ABNORMAL)= 0.1 156 
P(T1 Element = ABNORMAL)= 0.0077 


H1, L1 &T1 Drift High 


Sensorl Fault 


P(Sensor1= ABNORMAL)= 0.9433 
P(H1 Element = ABNORMAL)= 0.1363 
P(L1 Element = ABNORMAL)= 0.1363 
P(T1 Element = ABNORMAL)= 0.1363 



Figure 34 



Unpartitioned Model Under 


OPERATING Conditions 


Fault Simulated 


Fault Classified 


Fault Classification Probabilities 


H1 Drift High 


H1 Element Fault 


P(H1 Element = ABNORMAL)= 0.6779 
P(L1 Element = ABNORMAL)= 0.0058 
P(T1 Element = ABNORMAL)= 0.0058 
P(Sensor1= ABNORMAL)= 0.0010 


L1 Drift High 


L1 Element Fault 


P(L1 Element = ABNORMAL)= 0.6779 
P(H1 Element = ABNORMAL)= 0.0058 
P(T1 Element = ABNORMAL)= 0.0058 
P(Sensor1= ABNORMAL)= 0.0010 


T1 Drift High 


T1 Element Fault 


P(T1 Element = ABNORMAL) 3 0.6779 
P(H1 Element = ABNORMAL) 3 0.0058 
P(L1 Element = ABNORMAL) 3 0.0058 
P(Sensor1= ABNORMAL) 3 0.0010 


H1 & L1 Drift High 


H1 Element Fault 
L1 Element Fault 


P(H1 Element = ABNORMAL)= 0.6121 
P(L1 Element 3 ABNORMAL) 3 0.6121 
P(Sensor1= ABNORMAL) 3 0.1156 
P(T1 Element = ABNORMAL) 3 0.0077 


H1.L1 &T1 Drift High 


Sensorl Fault 


P(Sensor1= ABNORMAL) 3 0.9433 
P(H1 Element 3 ABNORMAL) 3 0.1363 
P(L1 Element = ABNORMAL) 3 0.1363 
P(T1 Element = ABNORMAL) 3 0.1363 



Figure 35 Comparative Results 



Unpartitioned Model Under VENTING Conditions 


Fault Simulated 


Fault Classified 


Fault Classification Probabilities 


H1 Drift High 


H1 Element Fault 


P(H1 Element = ABNORMAL)= 0.6779 
P(L1 Element = ABNORMAL)= 0.0058 
t*( i i ciemeni — abinukmal)— u.uuoo 
P(Sensor1= ABNORMAL)= 0.0010 


L1 Drift High 


Not Detected 


P(L1 Element = ABNORMAL)= 0.1000 
P(H1 Element = ABNORMAL)= 0.1000 
r( i i tiemeni — abinukmal)— u.iuui) 
P(Sensor1= ABNORMAL)= 0.0500 


T1 Drift High 


T1 Element Fault 


P(T1 Element = ABNORMAL)= 0.6779 
P(H1 Element = ABNORMAL)= 0.0058 
P(L1 Element = ABNORMAL)= 0.0058 
P(Sensor1= ABNORMAL)= 0.0010 


H1 & L1 Drift High 


H1 Element Fault 

(L1 Fault Not Detected) 


P(H1 Element = ABNORMAL)= 0.6779 
P(L1 Element = ABNORMAL)= 0.0058 
P(T1 Element = ABNORMAL)= 0.0058 
P(Sensor1= ABNORMAL )= 0.0010 


H1, L1 &T1 Drift High 


H1 Element Fault 
T1 Element Fault 
(L1 Fault Not Detected) 

- 


P(H1 Element = ABNORMAL)= 0.6121 
P(T1 Element = ABNORMAL)= 0.6121 
P(Sensor1= ABNORMAL)= 0.1156 
P(L1 Element = ABNORMAL)= 0.0077 



Figure 36 Comparative Results 



